The Syzygium caryophyllatum and Syzygium zeylanicum fruits were analysed for their nutritional potential and pharmacological property. The antibacterial activity was carried out by disc diffusion method followed by microdilution method for minimum inhibitory concentration. The antioxidant activity was assessed by 2, 2-diphenyl-1-picrylhydrazyl, free radical scavenging method. The fruits were also fermented to produce wine, and were then analysed for their physical and chemical properties. The fatty acid analysis of the seeds and pulp was carried out separately by gas chromatography. From the study, it was found that the wild fruits were nutritionally rich in comparison to the cultivated fruits. The percentage of unsaturated fatty acid was found to be higher than saturated fatty acid. The major fatty acids present were oleic acid, linoleic acid and palmitic acid. The fruit methanol extract of the S. caryophyllatum was independent of gram reaction inhibiting the growth of both gram-positive and gram-negative bacteria. The minimum inhibitory values ranged from 8 to 10 mg/ml. The calorific value of both the fruits increased upon fermentation, and the alcohol content was 4 and 5% in S. zeylanicum and S. caryophyllatum, respectively. The results highlight the importance of wild fruit species as an affordable nutrient source and as an antibacterial agent.
Introduction
Many of the wild fruits have been reported to possess better nutritional properties than well-known cultivated fruits (Eromosele, Eromosele, & Kuzhkuzha, 1991) . Fruits rich in vitamins, minerals and secondary metabolites form an important part of human diet (Delgado -Vargas & Paredes -López, 2002) . As a result, the nutritional features of the wild edible plants have been evaluated in the recent years (Glew et al., 2005) . Studies also demonstrate the feasibility of using wild fruits such as S. cumini (Shashikant, Rahul, & Rajasekaran, 2012) , Syzygium malaccensis and Eugenia owariensis (Enidiok & Attah, 2010) in wine production. Several studies have shown correlation between consumption of ABOUT THE AUTHORS We are mainly concentrating on the following research activities: the phytochemical and pharmacological studies on some of the Syzygium species of Western Ghats; compound isolation, extraction and characterisation of essential oil from various plant parts like seeds, leaves, etc.; the biochemical and ecology-related studies in some important ferns; and structural and floristic studies on Myristica swamp.
PUBLIC INTEREST STATEMENT
The fruits of the species studied here are edible and highly nutritious in terms of carbohydrates, proteins and energy level. The nutritive quality of these fruits when compared with the commercially available ones exhibits better properties. Wine can be prepared from the fruits which do not require much effort.
phenol-rich beverages and reduced coronary heart disease mortality (Balentine, Wiseman, & Bouwens, 1997) . The epidemiological studies have confirmed that increased consumption of fruit and vegetables reduces the risk of cancer by 15%, cardiovascular disease by 30% and mortality by 20% (Steimez & Potter, 1996) . This is attributed to various phytochemicals present in them (Prior & Cao, 2000) . The pharmacological industries have produced a large number of newer antibiotics in the last three decades, but the resistance to these drugs by micro-organisms has increased (Cohen, 1992) . Treatment to the infections produced by the resistant bacteria is much more complicated (Schmidt, 2003) . In addition to this, antibiotics are sometimes associated with adverse effects on the host (Iwu, Duncan, & Okungi, 1999) . Contrary to the synthetic drug, antimicrobials of plant origin are not associated with any side effects (Ahmad, Mehmood, & Mohammad, 1998) . Hence, there is a need to establish the pharmacological activities for identifying the various crude drugs for potency.
Syzygium zeylanicum (L.) DC is a medium-sized tree. It is distributed in the Indo-Malaysian regions. The fruits have thick pulp when ripe, which are sweet to taste. Plant is a stimulant and used against rheumatism and syphilis (Shetty, Kaveriappa, & Bhat, 2002) . The fresh leaf of this plant is being consumed as food in Vietnam. A macrocyclic ellagitannin, zeylaniin isolated from the leaves exhibited potent antioxidant activities in the assays of DPPH, oxygen radical absorbance capacity and malonaldehyde/gas chromatography (Nomi et al., 2012) .
Syzygium caryophyllatum (L.) Alston is a low-altitude evergreen tree. The species is endemic to Sri Lanka and also distributed in the Western Ghats of India. The fruits are oval, juicy, sweet in taste and purple in colour. They are produced towards the end of summer maturing during the rainy season. The flower buds possess antioxidant activity (Gupta & Sharma, 2006) . The stem bark is traditionally used in the treatment of diabetes mellitus (Ediriweera & Ratnasooriya, 2009 ). The leaf and bark extracts have been reported to possess antibacterial and antioxidant properties (Shilpa & Krishnakumar, 2012) , whereas the fruits of both the species have not been studied. Hence, the present work reports on the nutrition, fermentation and pharmacological characteristics of the fruit of S. zeylanicum and S. caryophyllatum.
Materials and methods

Collection of plant material
The undamaged mature fruits were harvested in between April and July 2011 around the Mangalore University Campus, since the fruits are seasonal and are available only between April and July. The fruits were washed, the pulp was separated from the seed, oven dried (45°C) and was pulverised. The pulverised samples were subjected to further analysis. The analyses were carried out in triplicates.
Nutritional analyses
The following are the various parameters used in the nutritional analysis: moisture content, soluble solids, pH, crude fibre, ash value, phenols, tannins, phytic acid, total and reducing sugars, total monomeric anthocyanin and minerals. The moisture content was determined by drying the sample in hot air oven at 100°C to a constant weight. The soluble solids was analysed in a hand-held refractometer and was represented as °Brix; pH was verified with a pH metre. Crude fibre was determined by digestion in dilute acid H 2 SO 4 and alkali NaOH (Maynard, 1970) . Ash content was determined by incineration of 2 g of sample at 550°C for 5 h. Soxhlet extraction method with petroleum ether as a solvent was used for the determination of crude fat. Phenolic content was determined by Follin ciocalteu method and expressed as gallic acid equivalent (Taga, Miller, & Pratt, 1984) . Phytic acid was extracted and measured colourimetrically (Wheeler & Ferrel, 1971) . Tannin content in the sample was estimated by Vanillin hydrochloride method (Robert, 1971) . Total and reducing sugars were determined by anthrone (Hedge & Hofreiter, 1962) and dinitrosalicylic acid method (Miller, 1972) , respectively. The total monomeric anthocyanin pigment content was determined following (AOAC Official Method, 2005) . Nitrogen was determined by atomic absorption spectroscopy and crude protein was calculated by multiplying the percentage nitrogen content by the conversion factor 6.25. Atomic absorption spectrometer equipped with hollow-cathode lamps was used for mineral analyses. Sodium was analysed by flame photometer.
Samples were prepared by triple-acid digestion. The calorific value was calculated in kilocalories (kcal) multiplying by physiological energy factor composition (4, 4 and 9) of percentage proteins, fats and carbohydrates, respectively (FAO, 1968; USDA, 1999) .
Fatty acid composition
The sample was accurately weighed into a flat bottom flask. Fifty ml of methanol with five drops of concentrated sulphuric acid was then added and placed on the water bath with reflux condenser until the fat got methylated. Gas chromatography (GC) analysis was carried out using a Column: DBwax (30 m); carrier gas, Nitrogen; split ratio, 90:1; and a flame ionisation detector. The column temperature was programmed at 100°C with increase for every 5 min up to 210°C.
Wine preparation
The fruits were harvested between April and June 2011 from around the Mangalore University campus. One kilogram of ripe and healthy fruits were selected, washed in tap water and immersed in 5% salt (NaCl) solution for 2 h after which the fruit was depulped. The pulp was soaked in water in 1:1 ratio. Cane sugar was added to adjust the sugar content to 21° brix. Sodium metabisulphite was added up to a concentration of 100 mg/l to inhibit bacterial growth. The must was then inoculated with starter culture and fermentation was carried out at room temperature (32°C). The wine after racking was clarified with the addition of 0.04% bentonite and analysed.
Preparation of the extract
The samples were soxhlet extracted with methanol (30°C) and petroleum ether (35°C). Aqueous extract was prepared by soaking 20 g of the powdered material in distilled water for seven days which was placed in water bath at 37°C. The defatted sample obtained after extraction with petroleum ether was used for nutrient analysis. The methanolic and aqueous extracts obtained were evaporated to dryness and stored at 4°C for further use.
Antibacterial assay
The microbial strains viz., Staphylococcus aureus (NCIM 2079), Bacillus subtilis (ATCC 6633), Escherichia coli (NCIM 2931), Pseudomonas aeruginosa (NCIM 2200), Klebsiella pneumoniae (NCIM 2957) and Proteus vulgaris (NCIM 2813), were used for the study. The microbial isolates were procured from National Chemical Laboratory, Pune, India. The antibacterial assay was carried out by following the disc diffusion method (Vardar-Unlu, Candan, Sökmen, Daferera, & Polissiou, 2003) . The MIC (Minimum Inhibitory Concentration) was determined by microdilution method (National Committee for Clinical Laboratory Standards, 2000).
Total phenolic, flavonoids and monomeric anthocyanin pigment content determination
Total phenolic content was estimated following Folin-Ciocalteau (FC) method (Taga et al., 1984) and expressed as Gallic acid equivalent (mg/g) and total flavonoid content by colorimetric assay (Zhishen, Mengcheng, & Jianming, 1999) and expressed as mg quercetin equivalent (mg/g). The total monomeric anthocyanin content was determined by pH differential method (FAO, 1968) and expressed as cyanidin-3-glucoside equivalents (mg/l).
Antioxidant assay
The antioxidant efficiency of the extracts and the wine was assessed based on its ability to scavenge DPPH free radicals (Liyana -Pathiranan & Shahidi, 2005) . A solution of DPPH (0.135 mM) in methanol was prepared and 1 ml of this solution was mixed with 1 ml of the sample. The reaction mixture was vortexed thoroughly and left in dark at room temperature for 30 min. The absorbance of the mixture was measured at 517 nm using ascorbic acid as reference standard. The ability to scavenge DPPH radical was calculated as:
Physical and chemical parameters of wine
Brix value was measured using a refractometer, pH value with pH metre. Total and reducing sugars were determined by Anthrone (Hedge & Hofreiter, 1962) and dinitrosalicylic acid method (Miller, 1972) , respectively. Alcohol was measured using alcoholometer. Absorbance was measured using spectrophotometer. The calorific value was calculated following (Vine, Harkness, Browning, & Wagner, 1997) . Calorific value (kcal) = 6.9 × 0.794 × alcohol (%) + (4 × reducing sugar) + (2.4 × total sugar).
Statistical analysis
One-way analysis of variance was performed by Excel (Microsoft Inc. 2007 ) and Graph pad prism (version 5.01), and means were compared by Bonferroni post-test (p < 0.05).
Results and discussion
Nutritional analyses
The nutritional status of the wild fruits (Table 1) has been compared with some cultivated fruits (Anonymous, 2010; Rathore, 2009) . The percentage of water in the food has a greater impact on its energy content as it adds to the weight of the food thereby decreasing the energy content without any increase in its calories (Grunwald, 2001 ) and also the presence of moderate moisture content in the fruit is an indication of long-time storage without mould development (Umar, Hassan, & Ado, 2007) . But it is obvious from the results that the fruits of S. zeylanicum registered high moisture content (92.22%) in comparison to S. caryophyllatum (63.17%) and also than the commercial fruits which ranged from 74 to 86%. The flavour of the fruits was acidic and sweet as represented by its low pH (S. caryophyllatum −4.04 and S. zeylanicum −3.75, respectively), and high soluble solids (S. caryophyllatum −7° Brix and S. zeylanicum −8.5° Brix). The pulp of S. zeylanicum (2.89%) and S. caryophyllatum (0.95%) contained lower amounts of fat but slightly higher than that of commercial fruits. Fats are known to hinder the onset of hunger and also serve as a transport medium for the fat soluble vitamins. They are a source of antioxidant and also enrich the flavour of the food (Wardlaw & Kessel, 2002) . The ash content in the fruits, which is the total mineral content, was compared well with that of commercial fruits which ranged from 0.3 to 0.7%. Protein content of the fruits was 3.37 and 3.68% for S. caryophyllatum and S. zeylanicum, respectively, which is higher in comparison to the cultivar counterparts. The crude fibre percentage of S. caryophyllatum (4.12) was compared well with the crude fibre content of guava (5.2%) and pomegranate (5.1%) whereas the fruit of S. zeylanicum contained slight higher percentage (12.67). S. caryophyllatum contained 50 mg/100 g of vitamin C. Even though this value is quite low when compared to guava (212 mg/100 g), it is appreciably high in comparison to the vitamin C content in apple (1 mg/100 g), mango (16 mg/100 g) and pomegranate (16 mg/100 g). S. zeylanicum Each value is expressed as mean ± standard error (n = 3).
Means with different superscript letters within a row are significantly different (p < 0.05).
*Contents were presented based on dry weight. contained about 6 mg/100 g. The total and reducing sugar were 58.71 and 48.08% in S. zeylanicum and 37.70 and 30.405% in S. caryophyllatum, respectively. The energy value of the two fruits was also high (p < 0.05) in comparison to the commercial fruits. The phenolic and tannin content was quite low i.e. 12.56 and 1.19% in S. zeylanicum 47.51 and 16.77% in S. caryophyllatum, respectively. The purple colour of the fruits is mainly due to anthocyanin and since the S. caryophyllatum fruits are purple in colour, they were analysed for the anthocyanin pigments. The pigment was found to be in the range of 240.36 mg/l. The values of mineral composition have been depicted in Table 2 . The macronutrients such as phosphorus, calcium and magnesium in S. caryophyllatum and S. zeylanicum were superior in comparison to the cultivated fruits except for sodium, whereas the micronutrients such as copper, iron and zinc were low and lower than that of the cultivated fruits. The amount of minerals in the plants chiefly depends on the abundance of minerals in the soil and also on the intensity of fertilisation (Wardlaw & Kessel, 2002) 
Fatty acid composition
Fats and oils, have immense use in medicine and in diet, act as heat insulators and energy reserves (Hawk & Oser, 1995) . Essential fatty acids in medicinal seed oils and other vegetable oils maintain the function and integrity of cellular membranes (Ackman, 1981) . Linoleic acid, an unsaturated omega six fatty acid, maintains the integrity of integuments. It is a precursor for the prostaglandins synthesis and blocks the gastric acid production (Taylor et al., 1988) . It has been reported that dietary fat rich in linoleic acid prevents disorders such as coronary heart diseases and atherosclerosis (Ramsden et al., 2013) . Oleic acid is reported to be effective in lowering LDL content and LDL cholesterol content (Grundy, 1989) .
The pulp and seeds of S. zeylanicum contained palmitic acid, oleic acid, linoleic acid, linolenic acid and stearic acid along with caprillic acid which was present only in the seed. The major fatty acids detected in the seed were oleic acid (31.37%), Linoleic acid (26.04%) and Palmitic acid (25.74%). Similarly oleic acid (21.09%), Linoleic acid (24.80%) and Palmitic acid (32.18%) were also the major compounds present in the pulp (Table 3 ; Figures 1 and 2) . The pulp and seeds of S. caryophyllatum contained lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, linolenic acid and erucic acid in common. In addition to this arachidonic acid and capric acid were also present in the pulp and seed, respectively (Figures 3 and 4) . 
Wine analyses
Fermentation was carried out for 21 days after which, the must was filtered and analysed (Table 4) . The pH decreased from 5.61 to 4.88 representing between day 0 and day 21. Our results are comparable to the work carried out by Chowdhury and Ray (2007) , who have reported similar results in S. cumini fruits. The brix value decreased from 18.16° to 4.8° and from 19.5° to 6° for S. zeylanicum and S. caryophyllatum, respectively, indicating the conversion of insoluble feedstock to soluble form. The decrease in the amount of total sugar and the production of alcohol indicated the utilisation of sugar for the yeast growth resulting in the production of alcohol. The alcohol content was 4 and 5% on 21st day for S. zeylanicum and S. caryophyllatum, respectively. About 6 and 3% alcohol was found to be present in the 21st day wine of S. cumini and Garcinia indica fruits, respectively. Hence, the wine of these fruits are all categorised as low alcohol wine, as the fermented liquid to be considered as wine, it should contain alcohol between 7 and 12% (Pickering, 2000) . There was an increase in the total phenol concentration. The calorific value increased in the 21st day wine. The DPPH scavenging activity was carried out only in the 21st day wine. About 81.65 ± 7.09% and 49.03 ± 0.7% inhibition was obtained per 10 μl of the wine for S. caryophyllatum and S. zeylanicum, respectively.
Percentage yield
The percentage yield of S. caryophyllatum in methanol and water was 61.16 and 45.30, respectively. The percentage yield of S. zeylanicum in methanol and water was 68.73 and 24.05, respectively.
Total phenolic and flavonoid content
The fruits registered a phenolic content of 75.16 ± 7.59 and 28.18 ± 2.7 mg/g for methanol extracts of S. caryophyllatum and S. zeylanicum, respectively, and 33.55 ± 1.44 and 18.11 mg/g for aqueous extracts of S. caryophyllatum and S. zeylanicum, respectively. Flavonoids were not detected in the aqueous extract of S. zeylanicum but the methanol extract contained 4.31 ± 0.671 mg/g. The methanol and aqueous extract of S. caryophyllatum registered 27.2 ± 1.41 and 8.25 ± 1.14 mg/g of flavonoid content. 
Total monomeric anthocyanin pigment content
A positive correlation was obtained between the anthocyanins and antioxidant activity in a study conducted on 28 different fruits suggesting their role towards the activity (Vlachos, Critchely, & Von Holy, 1996) . However, the fruit of S. caryophyllatum with an anthocyanin content of 240.36 ± 1.21 mg/l exhibited poor antioxidant activity.
Antibacterial activity
The in vitro antibacterial property of the fruit extracts and their MIC values are depicted in Tables 5  and 6 , respectively. Among the four extracts, the methanol extracts of S. caryophyllatum exhibited the best activity with a MIC value of 8-10 mg/ml being active against all the bacterial strains used. The methanol extract of S. zeylanicum with a MIC value of 5 mg/ml inhibited the growth of gram negative bacteria alone. In comparison, the methanol extracts of both the fruits were effective in inhibiting the bacterial growth. Similar results have been reported from the methanol extracts of S. alternifolium and S. samarangense, and the fruits being active against both gram positive and gram negative bacteria (Venkataratnam & Venkataraju, 2008) . This may be due to the solvent extract containing different constituents having antimicrobial activity and also methanol has been proved to be the most efficient solvent for extracting a broad spectrum of antimicrobial compounds from plants (Gracia-Alonso, Pascual-Teresa, Santos-Buelga, & Rivas-Gonzalo, 2004). 
Conclusion
The results highlight the importance of wild fruit species as an affordable nutrient source and as an antibacterial agent. A comparison was made between S. caryophyllatum, S. zeylanicum the wild edible fruit species and the popular edible cultivars such as mango, papaya, apple, orange and pomegranate in terms of vitamin, minerals protein, sugar content, gross energy, etc. The fruits were fermented to form wine. The rich nutrient composition provides scope for the utilisation of these fruits as an alternate for bionutrition. Although the wine contained low alcohol the energy tend to increase after fermentation. Among the four extracts used the methanol extract of S. caryophyllatum was effective in inhibiting the growth of all the bacteria studied.
